Abstract: It was previously reported that the hair of Mongolian people showed very high accumulation of manganese (Mn), which may increase oxidative stress. This study (2 nd report), indicated that not only Mn but other minerals had also accumulated at high levels in hair. It describes the influence of these minerals on oxidative stress, Parkinson's disease-like symptom (Parkinsonism) and arthritis, these diseases being prevalent in Mongolia. Methods: 299 subjects were enrolled (including 21; Parkinsonism and 25; arthritis) from Ulaanbaatar and 5 other areas in Mongolia. Oxidative stress was evaluated by measuring the level of urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG). The minerals accumulated in scalp hair were measured by the inductively coupled plasma mass spectrometry method. As a control, 81 healthy Japanese subjects were enrolled. Results: Mongolian subjects showed high accumulated levels of Mn, iron, lead, cadmium and aluminum accumulations in hair, as compared with Japanese subjects. These levels were correlated with urinary 8-OHdG levels. The subjects with Parkinsonism and arthritis demonstrated higher levels in these minerals than healthy subjects. Conclusion: High accumulations of these minerals may increase oxidative stress in Mongolian people, and induce Parkinsonism and arthritis through the high oxidative stress. The high accumulations of these minerals may be induced by eating large amounts of sheep meat. In addition, sandy wind pollution may also contribute to it.
INTRODUCTION
Mongolia is located in the center of the Eurasian Continent and has an extremely severe climate. The temperature reaches 35°C in summer and drops lower than -40°C in winter. Rain fall is scarce. Although there are large green fields, twenty percent of the territory is dry land. Sandy wind blows from the western areas. The population is 2,590,000. Life expectancy at birth, 64 years for males and 69 years for females (Health Indicators, 2008, the Ministry of Health, Mongolia), is relatively short compared to that for the Japanese, being 79 years for males and 86 years for females (Statistics and Information, 2008, the Ministry of Health, Labor and Welfare of Japan). Mongolians and Japanese belong to the same ethnic group of Neo-Mongoloid people, which are different from Paleo-Mongoloid people such as America Indians and Pacific Ocean aborigines [1, 2] . Thus, such comparison may be meaningful in understanding the health status of Mongolian people. Thirty-three percent of Mongolians are under 15 years. Elderly people over 65 make up less than 5% of the population (22% in the Japanese population). The low percentage of elderly people indicates a shorter life span.
As previously reported, Mongolian people were exposed to high oxidative stress, which may relate to early aging [3, 4] . Such high oxidative stress may be induced by many *Address correspondence to this author at the Kagawa Nutrition University, 3-9-21 Chiyoda, Sakado, Saitama 350-0288, Japan; Tel/ Fax: +81-49-282-3702; E-mail: komatsu@eiyo.ac.jp factors, including the severe climate, strenuous labor, long time ultraviolet exposure, heavy smoking and in particular, the insufficiency of anti-oxidant food such as vegetables and fruit. However, oxidative stress in Mongolians was very high as compared with that of the Japanese. So a further contributing factor was speculated. In 2008, hair minerals in Mongolian people were assayed and found to show a very high accumulation of manganese (Mn) [5] . This high Mn accumulation was considered inductive to high oxidative stress because it was significantly correlated with oxidative stress markers such as serum malondialdehyde-modified lowdensity lipoprotein (MDA-LDL), serum reactive oxygen metabolites (ROM) by a d-ROM test (Diacron, Gresseto, Italy) and urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels.
In 2008, a hair mineral assessment was performed at Murun city in the northern area of Mongolia. In 2009, the assessment was extended from south-east Gobisumber to north-west Tsagan-uul, covering 1,300 km through central Mongolia. It found that not only Mn, but iron (Fe), lead (Pb), cadmium (Cd), aluminum (Al) and several other minerals were accumulated at high levels in people. It is known that the excessive accumulation of harmful minerals in the body increases oxidative stress [6, 7] , and leads to several nervous disorders and inflammatory diseases [8, 9] . In Mongolia, Parkinson's disease-like symptoms (Parkinsonism) and arthritis, including rheumatoid arthritis, spondylitis, osteoarthritis of the spine and degenerative joint disease, are preva-lent. Although these diseases are caused by different mechanisms, high oxidative stress may trigger them [10] [11] [12] [13] . Thus, this report describe the relationship of these diseases and oxidative stress with the high accumulation of minerals in Mongolian people. Furthermore, the routes by which these minerals have entered the body are also discussed.
METHODS

Investigated Places
This investigation was performed in summer, 2009, in the capital, Ulaanbaatar, and in five country areas, Gobisumber, Erdenet, Murun, Aleg-erden and Tsagan-uul (Fig. 1) .
Ulaanbaatar has a population of 1,250,000, with roads filled with vehicles, thick dust and vehicular exhaust. Gobisumber is a small town, population 3,000, 400 km from Ulaanbaatar in the south-east, near the Gobi desert. The land is dry, with dusty wind from the western area. There is a coal mining factory 30 km from town where the inhabitants work. This investigation was performed in the clinic which takes care of health. Erdenet is a big city, population 90,000, 460 km from Ulaanbaatar in the north-western area. It has a large copper (Cu) and molybdenum (Mo) mining factory which people depend on. Murun, Aleg-erden and Tsagan-uul are all in Huvsgul Province, the coldest district in this country. The air is clean, but dusty wind often blows across this province. People breed sheep, cattle, goats, horses, camels and reindeer. Murun is a city 770 km from Ulaanbaatar, with a population of 38,000. Aleg-erden and Tsagan-uul are small villages of about five hundred people. Aleg-erden is situated 65 km north of Murun, and Tsagan-uul is 180 km north-east of Murun, near the Russian federation.
Subjects
The number of subjects are shown in Table 1 . From the countryside of Gobisumber, Erdenet, Murun, Aleg-elden and Tsagan-uul, a total of 244 subjects were randomly enrolled (including 214 healthy subjects, 10 with Parkinsonism and 20 with arthritis), ranging in age from 10 to 82 years (mean age±SD: 39.7±13.4 y-o). Parkinsonism was diagnosed through symptoms including hand tremor, difficulty in walking, muscle rigidity, and several extra-pyramidal signs. Rheumatoid arthritis, spondylitis, osteoarthritis of the spine and degenerative joint disease were diagnosed by arthralgia, lumbago, back pain, and some clinical examinations. All subjects were living in small houses or gers. Healthy subjects looked to be sufficiently nourished and worked outdoors every day. No healthy subjects routinely took supplements. As well, 55 subjects in Ulaanbaatar were enrolled, (including 39 healthy subjects, 11 with Parkinsonism and 5 with arthritis). The healthy subjects of Ulaanbaatar were divided into two groups, one being indoor workers such as medical doctors, nurses, dentists, school teachers and public officers, the other being outdoor workers from road construction, house building, truck-driving and street stall. The subjects with Parkinsonism and arthritis in Ulaanbaatar had been treated by family clinics. As a comparison, 81 healthy Japanese subjects from the Tokyo area were randomly enrolled. The protocol for this study was approved by the Ethics Committee of the Kagawa Nutrition University (No 53 and No 54). The subjects gave written informed consents before the study.
Measurement of Hair Minerals
To know the accumulation level of minerals in the body, scalp hair (about 0.2g) was collected from the subjects, and Fig. (1) . Investigated places in Mongolia and Japan. There is a distance of 1,300 km from Gobisumber to Tsagan-uul. hair minerals (including many metals, some semi-metals and non-metals) were measured. The measurement was performed by a research laboratory (La Belle Vie Inc. Tokyo, Japan), in accordance with the procedures recommended by the Hair Analysis Standardization Board [14] . In brief, a hair sample of 75 mg was weighed into a 50 ml plastic tube, and washed twice with acetone, then with 0.01% Triton solution. Thus, hair coloring, oil and dust were removed. The washed hair sample was mixed with 10 ml of 6.25% tetramethylammonium hydroxide (Tama Chemical, Tokyo, Japan) and 50μl of 0.1% gold solution (SPEX Certif. Prep. Tokyo, Japan), and then dissolved at 75°C by shaking for 2 hours. After cooling the solution to room temperature and adjusting its volume gravimetric, the obtained solution was measured by using the inductively coupled plasma mass spectrometry method (ICP-MS; Agilent-7500i and 7500c). The results were expressed as ng/g hair (ppb) or μg/g hair (ppm). Accumulated levels were compared with those of Japanese subjects and Japanese standards. Japanese subjects were enrolled as a control in this study, as described above. Japanese standards were established by a laboratory (La Belle Vie Inc.) from the determinations of 6,000 healthy Japanese people [15] .
Evaluation of Oxidative Stress
To evaluate oxidative stress in this study, the level of urinary 8-OHdG alone was measured, because it had previously been established that urinary 8-OHdG levels were significantly correlated with the levels of serum MDA-LDL and serum ROM (d-ROM test) [5, 16] . Urine samples were obtained from the subjects and rapidly frozen, sent to Tokyo and stored at -80°C until analysis. The analysis was performed by an enzyme-linked immunosorbent assay in a research laboratory (Japan Institute for Control of Aging, Sizuoka, Japan).
Measurement of Minerals Contained in Drinking Water, Meat, Wild Grasses and Soil
The amount of minerals contained in drinking water, sheep meat, wild grasses and soil in Mongolia was also measured and compared with results from Japanese samples. Drinking water samples were obtained from well water in the investigated places. Grasses and Mongolian sheep meat were obtained in Murun. As a control, Japanese cattle meat was used. Samples were heated for 16 hours at 550°C. The ash was dissolved in a hydrochloric acid (HCl)-water solution and dried on a boiled water bath, then dissolved again in a HCl-water solution and heated for 10 min on the boiled water bath, then filtrated. Finally, the sample concentration was adjusted with water. Soil samples were obtained from the surface soil of the residential land of the subjects. After these samples were dissolved with distilled water (pH : 7.30, 23°C), pH was measured using the top clear layer. The soil samples were dissolved using nitric acid (HNO 3 ), and the minerals were extracted and diluted in HNO 3 -water. The quantities of specific content in the samples were measured using an ICP-MS.
Statistical Analysis
The results were expressed as a mean average and standard deviation (M±SD). For evaluation of the difference, a Student's t-test was used, and a p value <0.05 was considered to be statistically significant.
RESULTS
Measurements of Hair Minerals
(1) The level of hair mineral accumulation in 214 countryside healthy subjects from Gobisumber, Erdenet, Murun, Aleg-erden and Tsagan-uul, was measured and compared with that of Japanese subjects (Japanese standards and Japanese healthy subjects). Healthy subjects in Ulaanbaatar showed different tendencies between indoor and outdoor workers. Thus, these results were not included in this calculation (the results are described later). As shown in Table 2 , accumulated levels of the countryside subjects were different according to which minerals. In particular, very high levels in Mn, Fe, Cd, Pb and Al were shown, with low levels of mercury (Hg) and selenium (Se) accumulations. Sodium, potassium, magnesium, chromium (Cr), cobalt (Co), lithium (Li) and Mo also showed high levels, and Cu demonstrated relative low level. In this study, excepting children, most were smokers and drinkers, so there were not divided. Because it is known that Mn, Fe, Cd, Pb and Al enhance oxidative stress, it is mostly these minerals that were mentioned in the following descriptions.
(2) Hair mineral accumulations of countryside healthy male and female subjects were compared. As shown in Table  3 , Fe, Cd, Pb and Al levels were significantly higher in males than in females, whereas the Mn level was higher in females than in males, although no significantly.
(3) The levels of minerals among the investigated places were compared. As shown in Table 4 , there were some differences. Mn, Fe, Pb, Cd and Al levels were relatively high in Gobisumber. Se and Hg levels were low in all investigated places. The Se level decreased going northward, and was lowest in Tsagan-uul.
(4) The relationship of mineral accumulation to age was investigated. As shown in Fig. ( 2), no correlation between these levels and ages was observed. High accumulations were observed even in 10-19 year olds.
(5) The relationship of Mn accumulation to Fe accumulation in the countryside subjects was investigated, because it is known that Mn absorption in the intestine conflicts with Fe absorption, and that high absorption of Mn suppresses Fe absorption [17, 18] . However, as shown in Fig. (3) , subjects showed high levels of both Mn and Fe accumulations, and the Mn level was significantly correlated with the Fe level. This result suggested that high accumulations of Mn and Fe may not always reflect levels of intestinal absorption alone. Furthermore, the Mn level was also correlated with the Pb level and this with the Cd level. The Fe level was correlated with the Al level at a high significance. These results suggest that these minerals may enter the body through the same route.
Measurements of Urinary 8-OHdG
(1) To know oxidative stress, urinary 8-OHdG levels of countryside subjects were assayed and compared with those of Japanese subjects. As shown in Table 5 , the countryside subjects showed 13.5±5.8 ng/mg Crea, whereas the Japanese subjects were 8.5±3.4 ng/mg Crea, a significant difference (p<0.001). This finding suggests that the countryside subjects may be in high oxidative stress as compared with the Japanese subjects. Because subjects of all investigated places showed such high levels, with Gobisumber subjects demonstrating the highest level, this phenomenon may be prevalent in large areas of Mongolia.
(2) The relationship of Mn accumulation to urinary 8-OHdG levels was investigated. As shown in Fig. (4) , the Mn level was significantly correlated with the 8-OHdG level, with Fe, Pb, Cd and Al levels also correlated. This finding is indicative of these minerals leading towards high oxidative stress in the subjects. In this Figure, the relationship of Se level to the 8-OHdG level is also shown. The Se level was generally low compared to that of the Japanese subjects as described above, and this level exhibited a reverse correlation to the 8-OHdG level. It suggests that the low Se level may cause a reduction of anti-oxidant potential, resulting in high oxidative stress.
Association of Hair Mineral Accumulations with Parkinsonism and Arthritis
In Mongolia, Parkinsonism is prevalent and because it is known that a high accumulation of Mn in the body induces Parkinsonism, the association of hair mineral accumulation with the disease was investigated. Twenty-one patients (10 from the country sides and 11 in Ulaanbaatar) were selected by native researchers. The Ulaanbaatar patients were more serious than the countryside patients. They transferred from rural areas to Ulaanbaatar 5-8 years ago in order to receive treatment at family clinics. They lived in a concrete apartment house and did not go out. Conversely, the countryside patients had suffered from the disease for 3-5 years, and lived in gers or small houses and spent for a relatively long time outdoors every day. Arthritis (rheumatoid arthritis, osteoarthritis, spondylitis, and degenerative joint disease) were also prevalent here. Because it is said that arthritis is caused by harmful minerals such as Pb, Cd and Al, the relationship of these minerals to the disease was also investigated. Twenty-five patients (20 from the country sides and 5 from Ulaanbaatar) were selected. The Ulaanbaatar patients were severe, and did not go out but stayed indoors daily because Fig. (2) . The relationship of hair mineral levels to ages in countryside healthy subjects. of arthralgia, lumbago and back pain. The countryside patients were not as severe, and could work a little.
(1) As shown in Fig. (5) , countryside patients with Parkinsonism and arthritis showed higher levels in Mn, Fe, Pb, Cd and Al accumulations than countryside healthy subjects. The levels of urinary 8-OHdG were also higher in these patients than in healthy subjects. This finding suggests that the high accumulation of these minerals may have an association with Parkinsonism and arthritis through increasing of oxidative stress. In particular, Mn accumulation was higher in Parkinsonism than in arthritis, and Fe, Pb, Cd and Al accumulations were higher in arthritis than in Parkinsonism, although these differences were not always significant.
(2) While, as shown in this Figure (Fig. 5) , Ulaanbaatar patients showed lower levels in these minerals than countryside patients. The same tendency was also observed in the urinary 8-OHdG level. As described above, most of the Ulaanbaatar patients stayed indoors every day. Meanwhile, countryside patients spent for a long time outdoors every day, suggesting that life style may affect the different tendencies.
(3) Furthermore, because Ulaanbaatar healthy subjects showed variable levels in the accumulation of these Fig. (3) . The correlation of hair mineral levels in countryside healthy subjects. Fig. (4) . The relationship of urinary 8-OHdG levels to hair mineral levels in countryside healthy subjects. minerals, subjects were divided into outdoor and indoor workers, and accumulation tendencies were compared between them. As shown in this Figure, outdoor workers generally demonstrated higher levels in minerals than indoor workers. The same tendency was also observed in the level of urinary 8-OHdG. This finding suggests that a certain outdoor factor may affect the high accumulation of these minerals in outdoor people.
Measurements of Minerals Contained in Drinking Water, Sheep Meat, Wild Grasses and Soil
(1) To know how these minerals entered the human body, the minerals contained in drinking water (well water) were analyzed and compared with that of the public water supply in Tokyo. The results are shown in Table 6 . Mineral levels contained in the well waters were variable among the investigated places. As a whole, the differences between Mongolian drinking waters and that of Tokyo were not so large. Therefore, the high accumulation of these minerals in the hair of Mongolian subjects could not be explained by the drinking water.
(2) Generally, Mongolian people eat large amounts of sheep meat every day, while Japanese people eat cattle meat 1-2 times a week. Thus, minerals contained in Mongolian sheep meat from Murun were analyzed, and levels compared with those in meat from Japanese cattle raised near Tokyo. The results are shown in Table 7 . Mongolian sheep meat contained Mn, Fe, Pb, Cd, Al and some other minerals at very high levels, as compared with that of Japanese cattle meat. This finding suggested that the high accumulation of these minerals in the hair of Mongolian subjects may be due to the high intake of sheep meat.
(3) Because Mongolian sheep meat contained these minerals at high levels, those contained in Mongolian wild grasses from Murun were analyzed, and the results compared with that of wild grasses from the Tokyo area. The Mongolian wild grass sample was consisted of parsley and shepherd's pasture, the main plants in Murun and eaten by sheep, cattle and goats. Wild grasses from near Tokyo contained parsley, clover and shepherd's pasture, the most common wild grasses from there. As shown in Table 8 , Mn, Fe, Cd, Pb, Al and some other minerals were contained at higher levels in the Mongolian wild grasses than in the grasses of the Tokyo area. This result indicated that the high levels of minerals in sheep meat may be induced by eating these grasses.
(4) Minerals contained in the soil of the investigated places were also analyzed, and results compared with those of soil in the Tokyo area. Samples were collected from surface soil at 3 different points in each place. The averages are shown in Table 9 . There were some differences among the investigated places. The soil sample from Gobisumber contained Fe, Pb, Cd, Al and Li at relatively high levels, and was compatible with the high accumulation of these minerals in subjects from here. As a whole, Mongolian soil samples contained these minerals at higher levels than from Tokyo soil, although the Mn level was not high. Conversely, Se and Hg levels were lower in Mongolian soil than in Tokyo soil, indicating that the low accumulation of Se and Hg in Mongolian hair may be associated with the low concentration of these in the soil. In this Table, the result of measurement of wind-drifted soil was also added. This sample was obtained at the road sides in Murun. Wind-drifted soil contained Mn, Fe, Pb, Cd and Al at very high levels, as compared with the simple soil sample from Murun. This finding suggests that these minerals may also be contained in the wind pollution, and furthermore, that the certain outdoor factor as described above may be the wind pollution. 
DISCUSSION
As previously reported, Mongolian people were in high oxidative stress, as compared with Japanese people, which may mainly have been induced by a high accumulation of Mn in the body [5] . Excessive Mn accumulation causes health problems. Chronic manganese poisoning mainly appears in the central nervous system. Mn readily crosses the blood-brain barrier [19] and generates cytotoxic reactive oxygen species (ROS) [20, 21] , and induces a severe reduction of dopamine in astrocytes [22] . A marked decrease of dopamine causes Parkinson's disease [23] . In Mongolia, Parkinsonism is highly observed. Thus, it was considered that the high Mn accumulation may have affected the prevalence of this disease. This (2 nd ) report revealed that not only Mn, but Fe, Pb, Cd and Al were all accumulated in the hair at high levels. Because these mineral accumulations were correlated with urinary 8-OHdG levels, it is likely that they also increased oxidative stress. This tendency was observed even in young people of 10-19 years. Fe is an essential mineral, together with Cu and zinc (Zn). These minerals are necessary for the activity of anti-oxidant enzymes. Fe is integrated into catalase. Cu and Zn are components of superoxide dismutase. In this study, Cu accumulation showed relatively low level, and Zn was a similar level to that of the Japanese. However, Fe demonstrated a 2.8 fold higher level than the average of the Japanese (from 1.0 fold to 6.8 fold high levels). Excessive Fe reacts with hydrogen peroxide (H 2 O 2 ), called Fenton's reaction, and induces hydroxyl radical which is one of the most dangerous ROS. Pb, Cd and Al are known to be harmful minerals, and dangerous to the body. In particular, Pb and Cd contribute to high oxidative stress by catalyzing the formation of ROS, increasing lipid peroxidation, and depleting glutathione [24] . Major sources of Pb are dust, water, paint, cosmetics and food supplements. Exposure to Pb elevates 8-OHdG, and produces Alzheimer's disease-related -amyloid peptide in the aging brain [25] . Cd is contained in grain and tobacco, but it is highly generated by industrial practices. It is widely used for electroplating, galvanizing, and in batteries. Cd elevates lipid peroxidation in tissues soon after exposure, resulting in toxicity to liver, kidneys, brain, lung, heart and central nervous system. Free radical scavengers and antioxidants are useful in protecting against Cd toxicity [26] . Al is also a contributor to neurological disorders and agerelated dementia such as Alzheimer's and Parkinson's diseases [20] . Al enters the body through cookware and processed food like cheese and soy-based milk products. The exact mechanism of Al toxicity is not known, but it is considered that Al increases oxidative stress and enhances inflammation, leading to impaired neurological function [27] .
Hg is also known to be harmful mineral. But, in this study, the Hg level in hair was very low. The Hg concentration in Mongolian soil was also low. Yasutake et al. [28] stated that the high accumulation of Hg in the Japanese was due to a high intake of large wandering fish such as bonito and tuna because Hg is usually contained in such fish. Mongolian people rarely eat fish so it was first thought that the low level of Hg in hair might be due to the low intake of fish, but it is likely that the low level in hair may have a connection with low concentration in the soil. A low accumulation of Hg is favorable to the human body, but a low level of Se is disadvantageous because Se is a component of glutathione peroxidase, an important anti-oxidant enzyme. In this study, Se level was generally low in Mongolian hair. Its level decreased as going northward, and was very low in Tsagan-uul subjects. More than seventy years ago, Se insufficiency in food caused Keshan disease in the north-eastern area of China [29] , where Se is known to be in scant amount. In this study, the Se component in the soil of each investigated area was also low. Therefore, one of the reasons for high oxidative stress in Mongolian subjects may be the poverty of Se. Furthermore, this study also found a high accumulation in other minerals like Cr, Mo, Li and Co, but the influence of them on the body could not be elucidated.
In Mongolia, Parkinsonism and arthritis are prevalent, although the incidences of these diseases have not yet been assayed. Subjects with these diseases showed high levels in urinary 8-OHdG, indicating that oxidative stress may contribute to these diseases. They are induced by different mechanisms, but may be triggered or enhanced by harmful minerals [10, 11] through the high oxidative stress [12, 13] . Milachowaski et al. [10] stated that idiopathic necrosis of the head of the femur is connected with heavy-metal toxicity due to Cd, nickel and Pb. Mirshafiey et al. [12] described that increased ROS production leads to tissue damage in rheumatoid arthritis. Shin et al. [13] reported that ROS caused apoptotic cell death in fibroblast-like synovial cells in rheumatoid arthritis. In order to suppress arthritis, anti-oxidant agents are often effective [30] . In considering why these diseases are prevalent in so many in Mongolia, it may be explained by the high accumulation of harmful minerals and by high oxidative stress. Now, routes by which these minerals entered the body should be discussed. The way through drinking water was discredited as shown in Table 6 . Thus, the minerals contained in meat were assayed. Minerals are originally contained in soil, and enter plants, animal meats and then human body. Mn is contained in food materials such as wheat, grain, legume, green laver, tea leaves, etc. The amount of Mn contained in animal meats is generally small. The previous study calculated the amount of Mn intake in Mongolian people using the Standard Tables of Food Composition in Japan (the Ministry of Education, Culture, Sports, Science and Technology of Japan, 2007) [5] . However, it was noticed in this study that the content of Mn in Mongolian sheep meat was entirely different from that of the Japanese Standard Tables of Food Composition. It is surprising that Mongolian sheep meat contained these minerals at extremely high levels as shown in Table 7 . Thus, the high accumulation of these minerals in the hair of Mongolian people can be explained by sheep meat. These minerals were really contained in soil and wild grasses at high levels as shown in Tables 8 and 9 . It is conceivable that these minerals may be concentrated in sheep body.
On the other hand, there is possibly another route. Recently, Finkelstein et al. [9] reported the relationship between traffic-derived Mn air pollution and Parkinson's-like disorder. During the past ten years, the number of vehicles has increased in Ulaanbaatar, Erdenet and Murun, but the traffic-derived Mn air pollution is not applicable in Alegerdene or Tsuganuul, which are small villages in green field, with no traffic air pollution. Now, our guess is not traffic air pollution but sandy wind pollution. Sandy wind blows from the dry western land to the investigated areas, and also reaches Japan. Tottori Prefecture in Japan is the first place reached. This prefecture measured the levels of minerals contained in sandy wind during the sandy wind season from January to April in 2007, and recently reported the results as follows; the average level of Mn increased to 14.7 fold, Fe 30.5 fold, Al 10.0 fold, Cd 3.4 fold and Pb 4.1 fold, compared to those of the non-sandy wind season (report by Tottori Prefecture Institute of Public health and Environmental Science, April, 2008) . This report has relevance in understanding the high accumulation of these minerals in Mongolian subjects. Sun et al. [31] reported that Mn toxicity is due to chronic inhalation of high concentrations of airborne Mn. Nemmar et al. [32] assayed the absorption of inhaled pollutant particles into systemic circulation using Technetiumlabeled ultrafine carbon particles, and stated that radioactivity was already detected in blood at 1 minute, and reached a maximum at between 10 and 20 minutes. Concerning Al, Michalke et al. [33] stated that the main pathway of Al exposure is via inhalation, comprising up to 90%. In this study, it was noticed that wind-drifted soil contained these minerals at very high levels, as shown in Table 9 . This result suggested that sandy wind pollution may be one noteworthy route for such high accumulations.
Finally, why Ulaanbaatar indoor workers showed low levels in these minerals as compared to outdoor workers, as shown in Fig. (5) , should be described. Most countryside healthy subjects and the Ulaanbaatar outdoor workers spent outdoors for long periods of time every day. Because minerals were contained in wind-drifted soil at very high levels, it is likely that they were highly exposed to the sandy wind pollution. In contrast, the indoor workers were not so much exposed, although they breathed the same air. In comparing mineral levels between males and females, because males may have been exposed to outdoor air pollution for a longer time than females, males showed higher levels in Fe, Pb, Cd and Al accumulations than females as shown in Table 3 , although Mn level was relatively high in females. Ulaanbaatar patients with Parkinsonism and arthritis also showed lower levels than countryside patients. This may also be explained by sandy wind pollution because the Ulaanbaatar patients spent every day indoors. In Mongolia, mineral accumulation in the body has not yet been assayed systematically, but Bodienkova et al. [34] recently reported that environmental pollution increased Pb level in the serum of children, which resulted in neurological diseases in these children.
In conclusion, Mongolian people are in high oxidative stress. High accumulations of Mn, Fe, Pb, Cd and Al may induce oxidative stress and cause a high prevalence of Parkinsonism and arthritis. The main route for such high accumulation in the body may be through eating sheep meat. Sandy wind pollution may also contribute. These conditions may also be connected to other non-communicable diseases here, resulting in early aging and a short life span of the people. In order to suppress high oxidative stress, the accumulation of these minerals in the body should be avoided. 
